) is a highly nutritious fruit, which is rich in sugar, protein, amino acids, vitamins, and mineral elements. However, gs are perishable climacteric fruits, causing di culty in postharvest storage and preservation. 1-Methylcyclopropene (1-MCP) and modi ed atmosphere (MA) are preservation methods with many applications, but the e ects of their combination on quality of g during postharvest storage have rarely been studied. e objective of this study was to investigate the e ects of MA and MA+1-MCP treatments on postharvest quality of g fruit stored at − 1 ± 0.5°C for 30 days. e results showed that the MA+1-MCP treatment signi cantly improved the fruit texture, reduced the weight loss rate and malonaldehyde (MDA) accumulation, and inhibited the ethylene production and respiration rate compared with that in the control and MA groups. In summary, the MA+1-MCP treatment will be a good preservation method to maintain fruit quality of gs during postharvest storage.
Introduction
Fig (Ficus carica L. ), also known as milk berry, radish fruit, honey fruit, etc., belongs to the genus Moraceae. roughout the tropics, gs have a very important cultural signi cance, both as objects of worship and for practical uses. ere are many kinds of gs, and di erent species have di erent storage traits due to their tissue structure, physiological and biochemical characteristics, and mature harvesting period. It is very di cult to achieve fresh preservation of gs, but it is generally believed that low temperature (0-2°C) and high humidity are helpful for storage [1, 2] . Studies have shown that storage of Ottomanit gs under a controlled atmosphere maintained better fruit quality than an ambient atmosphere or a higher CO 2 environment [3] . In another research, Opuntia cus-indica mucilage edible coating can maintain fresh weight, visual score values, fruit rmness, and total carotenoid content of g fruit during storage [4] . In addition, the g fruit are considered to be insensitive to chilling injury; thus, conditions of low temperatures from − 1°C to 0°C and 90-95% relative humidity (RH) are suggested for fresh g storage [5, 6] . However, the postharvest life is reported to be limited under these temperature and humidity conditions [7] .
1-Methylcyclopropene (1-MCP) has been widely used in fruits and vegetables to extend the shelf life and quality of products. Researchers found that paper containing 1-MCP under an ambient temperature can signi cantly inhibit activities of cell wall degrading enzymes, decrease disassembly of cell wall polysaccharides, and delay softening in Younai plums [8] . Ozkaya et al. found that 1-MCP treatment for 24 hours can inhibit ethylene evolution, decrease fruit respiration, and increase concentrations of glucose and fructose during cold storage [9] . 1-MCP can be bene cial for extending shelf life and market quality of green pepper fruits [10] and fresh cut celery [11] . Research showed that 1.5 μL·L − 1 was the optimal concentration of 1-MCP treatment for fig fruit, extending the storage life and improving the storage quality of fig fruit [12] . During storage, senescence and decay of the 1-MCP-treated figs were lower than the untreated fruits [13] . Moreover, 1-MCP is often combined with other preservation methods, such as UV-C irradiation [14] , calcium chloride [15] , and methyl jasmonate [16] , to extend the storage period of fruits.
In addition, the combination of 1-MCP and modified atmosphere (MA) treatment has been shown to be more effective in the preservation of some fruits compared to either treatment alone [17] . MA+1-MCP treatments maintained a higher phenolic content and enhanced the catalase (CAT) and superoxide dismutase (SOD) activities in Yali pear fruit [18] . e combined treatment of MA and 1-MCP significantly prolonged the shelf life of basil leaves [19] . And a synergistic effect of 1-MCP and MA extended the kiwifruit's storage life to 120 days at 0°C [20] . Li [17] found that 1-MCP plus microperforated film packaging is the most effective preservation method for "Laiyang" pear fruit, which maintains the firmness, color, titratable acidity, and vitamin C content of the fruit flesh. In addition, 1-MCP combined with MA is also used in the preservation of fruits such as bananas [21] , persimmons [22] , and plums [23] .
us, MA+1-MCP seems to be an effective way to extend the shelf life of fruits; however, the effects of MA+1-MCP treatment on fig quality during cold storage has never been studied.
In this research, the "Qing Pi" fig, a traditional and widely planted cultivar in China, is selected as the experimental material. e objective of this study was to investigate the effects of 1-MCP, MA, and their combined treatment (MA+1-MCP) on fruit quality as well as shelf life in fig fruit during postharvest storage.
Materials and Methods

Plant Material and Experimental. "Qing Pi" fig fruit were
harvested at the preclimacteric stage from plants grown in the orchard of the Chaoyang Port, Figurine Cooperative, Rongcheng, Shandong Province, China, in 2018, and transported to our laboratory in Beijing by refrigerated (4°C) trucks within 1 day. Fruits with similar color, size, no mechanical damage, and pests were selected. All selected figs were precooled and divided into three 91-fruit lots for treatments. e first group was placed in sealed polyethylene bags for modified atmosphere treatment (MA), the second group was treated with 2 pieces of 1-MCP (0.2 g per packet, 100 packets per pouch, obtained from Fresh doctor (Xianyang Xiqin Biological Technology Co. Ltd, Anhui, China) and sealed with PE bags (MA+1-MCP) during the entire storage period, and the third group was used as control (CK). ereafter, all the figs are placed in the basket and stored at − 1 ± 0.5°C with 90%-95% relative humidity (RH) for 30 days. In each treatment, 10 fruits were used to measure the weight loss rate, and on the last day, figs were cut along the equator to observe internal changes. Nine figs were used to assess ethylene production and respiration rate throughout the experimental period. Twelve fruits at each sampling point were used for color and firmness detection every 5 days. After that, the intact part of each fruit was sampled and froze with liquid nitrogen for MDA and sugar determination.
Fruit Firmness.
Fruit firmness was determined on two opposite sides at the equator of each fruit with a fruit firmness tester fitted with 11.1 mm flat probe (GY-4, Zhejiang TOP Instrument Co., Ltd., China). e probe penetration depth was 10 mm. Firmness was measured at the surface of fresh fig. Firmness was expressed in N force. ree measurements were taken for every sample.
Color Difference.
e color difference was measured according to the method of Gabriel [24] and Waghmare [25] with slight changes. Surface color measurements of fresh fig fruit were determined from four spots located on opposite sides of the equatorial region of the fruit with a CHN Spec Chromameter (Model CS-10; Hangzhou, China) equipped with an 8 mm diameter measuring area and works with diffuse illumination and a 0°viewing angle. e chroma meter was calibrated to a white and black calibration plate (CR-A43). e results were expressed in terms of L * , a * , and b * values and then calculated the total color difference (ΔE * ), where L * represents lightness, a * represents chromaticity on a green (− ) to red (+) axis, and b * represents chromaticity on a blue (− ) to yellow (+) axis. Twelve independent replicates were evaluated in each sampling time of each treatment. e calculation method is as follows:
where L 0 , a 0 , and b 0 represent L * , a * , and b * values at 0 d.
Weight Loss Rate.
Weight loss was assessed by difference of individual fruit weight at the harvesting day and after storage using an electronic balance of YP6001, YUKE Instrument Shanghai, China, electronic balance with an accuracy of 0.01 g, and were measured every five days and expressed as percentage:
"W" represents weight loss rate, "m 0 " represents the fruit weight at the first day, and "m 1 " represents the fruit weight at each sampling day.
Ethylene Production.
At the beginning of each experiment, 9 fruits per treatment were randomly sampled for different gas analyses and further divided into three groups, placed in a sealed crisper in a cold storage for 2 hours, and the ethylene concentration of each box was measured with an ethylene analyzer F950 (Felix Instruments). e fig volume is measured by the drainage method. e calculation method is as follows:
X is the ethylene production, μL·kg − 1 ·h − 1 ; C is the ethylene concentration released from the sample, μL·L − 1 ; V 1 is the 2 Journal of Food Quality crisper volume, L; V 2 is the sample volume, L; W is the sample weight, kg; and H is the incubation time, h.
Respiration Rate.
ree independent samples per treatment were evaluated, placed in a sealed crisper in a cold storage for 2 hours, and the respiration rate of the fruit in each box was measured with a portable CO 2 infrared analyzer (F950, Felix Instruments). Two were opened and inserted into the two interfaces of the portable CO 2 analyzer to form a closed loop. After the digital display of the instrument was stable, the total amount of CO 2 in the closed container was recorded and the respiratory rate was calculated according to the measurement results. Respiration rate was expressed as mL kg − 1 h − 1 CO 2 . ere were three replicates for each treatment. e homogenate was transferred to a centrifuge tube and centrifuged at 4°C for 5 min at 4000 rpm. 1.5 mL of the supernatant from each sample was transferred to new tubes and was added for 2.5 mL 0.5% TBA solution, mixed and incubated on boiling water bath for 15 min, cooled rapidly, and centrifuged. e supernatant was taken to measure the absorbance at wavelengths of 450 nm, 532 nm, and 600 nm:
Soluble Sugars and Organic Acid
Analysis. e metabolites were measured according to Lin [27] with modifications. Mixed samples of 0.1 g were ground and extracted with 1.4 mL of methanol (− 20°C). e mixture was sealed and shaken at 70°C and 950 rpm for 15 min and then centrifuged at 10,000 rpm. One mL of the supernatant was transferred to a 1.5 mL centrifuge tube and stored at − 40°C. 100 μL sample and 10 μL internal standard ribitol (0.2 mg·mL − 1 ) was dried and incubated with 60 μL of freshly prepared methoxyamine hydrochloride (20 mg·mL − 1 , pyridine dissolved) at 37°C and 950 rpm for 1.5 h, centrifuged for a few seconds; then, 40 μL BSTFA (99 : 1) was added, and the mixture was incubated at 37°C and 950 rpm for 30 min.
Instrument parameters and procedures: GC-MS 7890-5975; HP-5ms capillary column. e injector temperature was 250°C. Ion source temperature was 230°C. e quadrupole temperature was 150°C. Column flow rate was 1 mL·min − 1 . One μL of samples was used for injection with a split ratio of 10 to l. e heating program was as follows: 100°C for l min; 3°C·min − 1 to 184°C; 0.5°C·min − 1 to 190°C; 10°C to 250°C, keep for 1 min; 5°C to 280°C, keep 3 min; after running 100°C, l min; equilibrium time l min. e sugar and organic acid contents were calculated using standard curve of chemicals (glucose, sucrose, fructose, and malic acid; Sigma-Aldrich Co. Ltd).
Statistical Analysis.
A completely randomized design was used in the experiment. e results were statistically analyzed with SPSS 17 (SPSS Inc., Chicago, IL, USA). Statistical comparisons between variables were calculated by Least Significant Difference (LSD). All analyses were compared at a 95% confidence level (p < 0.05). Figures were made by Origin Pro 8.6 (MicroCal Software, Inc., Northampton, MA, USA). Fig Fruit during Storage.
Results
Internal Variation in
e most intuitive and reliable indicator for consumers to judge the quality of fruits and vegetables is the color of the peel and flesh. It can be seen from Figure 1 e flesh of MA+1-MCP-treated fruits is better than the MA-treated fruits and the control. e flesh of MA+1-MCPtreated fruits is the best, while the control fruits are almost completely inedible. Fig Fruit during Storage. Weight loss rate of the control group increased sharply in the late storage stage, and the MA+1-MCP treatment group was significantly lower than that. After MA+1-MCP treatment, the weight loss rate of fruits stored for 30 d was only 2.41%, while that of the control group and the modified-atmosphere group were 6.89% and 6.31%, respectively ( Figure 2 ). However, no significant difference was found between the MA group and the MA+1-MCP treatment group before 15 d of storage. Fig Fruit during Storage.
Effects of MA+1-MCP Treatment on Weight Loss Rate in
Effects of MA+1-MCP Treatment on Fruit Firmness and Color Difference in
e fruit firmness in all the groups progressively decreased during the whole storage period (Figure 3(a) ). e firmness of MA+1-MCP-treated fruits was significantly higher than that in the control and MA-treated fruits. e color index change in the fruit in all groups increased during the whole storage (Figure 3(b) ). Color index change in the control group increased sharply after storage for 20 d, which may indicate that the quality of the control group decreased sharply after 20 d of storage. Besides, the color index change of the MA group was significantly higher than that of other two groups at 15 and 20 d of storage. Fig Fruit during Storage. e respiratory peaks of the control group and the MA treatments group appeared at 15 d of storage and then began to decline sharply. In contrast, the fruit respiration rate of the MA+1-MCP treatment was always on the upward trend before 30 d of storage, indicating that the peak of respiration may appear after 30 d of storage (Figure 4(a) ). From this, we can speculate that the respiration of fig was significantly inhibited by MA+1-MCP treatment during storage.
Effects of MA+1-MCP Treatment on Ethylene Production and Respiration Rate in
No significant difference in the ethylene production rate was observed among the three treatments in the first 12 d of storage (Figure 4(b) ). Ethylene was produced in a large amount from 15 d, and the increased rate of the control treatment was higher than that in other treatments. e peak of ethylene appeared at 22 d of storage, and the MA treatment group was significantly lower than the control group. MA+1-MCP treatment further inhibited the production of ethylene. e peak value of ethylene was 26.22 μL·kg − 1 ·h − 1 , 32.91 μL·kg − 1 ·h − 1 , and 37.49 μL·kg − 1 ·h − 1 , in the MA+1-MCP, MA, and the control group, respectively. After 22 d of storage, the ethylene release rate dropped sharply and eventually maintained at a low level. Fig  Fruit during Storage. e MDA content was increased in all the three treatments during the whole storage period ( Figure 5 ). Generally compared to the control, the MDA increase was inhibited by MA and MA+1-MCP treatment during storage, except for that at 20 d and 30 d of storage. e MDA content in MA+1-MCP group fruits was the lowest during the whole storage period, indicating that MA+1-MCP treatment can significantly inhibit the accumulation of MDA content in fig fruit. Fig Fruit during Storage.
Effects of MA+1-MCP Treatment on MDA Contents of
Effects of MA+1-MCP Treatment on Soluble Sugars and Organic Acids in
ree soluble sugars in figs were measured, namely, fructose, glucose, and sucrose, from which, it was found that the fructose was the prominent sugar in fig fruit. e fructose was increasing before 15 d of storage and decreased sharply after 15 d of storage in the control fruits, while the variation trends were steady in both the MA-and MA+1-MCP-treated fruits ( Figure 6(a) ). e fructose content in MA+1-MCP-treated fruits was higher than that in the MA-treated fruits. e variation trend of glucose content was similar to the fructose content in fig fruit (Figure 6(b) ). e contents of sucrose decreased during the whole storage in all treatments in fig fruit, but no significant difference was observed among different treatments ( Figure 6(c) ). e acidity of fig fruit is mainly due to malic acid content, which a downward trend throughout the storage process ( Figure 6(d) ). Generally compared with the control group, the decrease in malic acid content was showed decreased by MA and MA+1-MCP treatment. e malic acid content in MA+1-MCP-treated fruits was significantly higher than that in the MA-treated fruits.
Discussion
e texture change such as softening and the apparent color index change are two major characteristics affecting postharvest life and marketable value in fruits [28, 29, 30] . Previously, it was reported that 1-MCP can delay senescence, prolong storage period, and improve commercial potential of fig fruit when it was applied to trees before harvest [13] . And modified atmosphere packaging (MAP) followed by irradiation showed good results in improving the quality and shelf life of fresh fig [25] . In another study, mature "Mavra Markopoulo" figs storage period can be extended to 29 days at − 1°C in either 2 kPa O 2 or atmospheric environment [31] . From our results, 1-MCP combined with MA treatment of figs can indeed improve the storage quality of figs and delay mature aging. At 30 d, the pulp of the combined treatment group showed slight rotting, and the peel did not deteriorate significantly. Zoffoli et al. [20] research with kiwifruits shows that both 1-MCP and MAP reduced fruit softening after 60 and 90 days at 0°C and delayed fruit ripening at 20°C. And MA combined with 1-MCP binding effectively inhibited the occurrence of pomegranates chilling injury [32] , Studies by Maalekuu et al. [33] with bell peppers showed strong correlation between weight loss and fruit softening and general fruit appearance. Fruit firmness was reduced after shelf life and combined statistical analysis treatment showed better firmness than control and 1-MCP treatments, indicating a better preservation effect of MA+1-MCP treatment. e results were similar with the previous study in Laiyang pears [17] . e color index of the fig flesh gradually darkens with time, showing a gradual darkening, but the color index can reflect the commercial value of the fruit. From a commercial perspective, it is more important to maintain typical color index from fresh fruits. In the middle of storage, the color index difference of MA+1-MCP fruits was significantly lower than that of the MA fruits, indicating that the MA+1-MCP treatment can retain the typical fruit color index better than other treatments.
Moisture is one of the main components of fig fruit, and it is an important factor affecting its tenderness, taste, freshness, and flavor. Controlling fruit loss after harvest is one of the key points for successful storage. e results of this test study indicate that the weight loss rate of fruits treated with MA+1-MCP was significantly lower than that of the MA group and the control group fruits during the whole storage period. Due to previous packaging, the weight loss rate of MA+1-MCP-treated fig fruit was lower than that of unpackaged fruits after 3 weeks of storage at 2°C [34] . e weight loss is essentially due to respiration and water Journal of Food Quality transpiration rates and has been described as the major cause of firmness change during postharvest storage of some fruits such as blueberry [35] . Fig is a typical climacteric fruit with a distinct respiratory peak. e respiratory peaks of the MA fruits and the control fruits appeared at 15 days of storage in the experiment, and the peak of fruit was significantly delayed by MA+1-MCP treatment during storage, indicating a better effect of MA+1-MCP treatment than the others. is is consistent with the effects of MA+1-MCP treatment on pear [19] , litchi [36] , pomegranate [32] , and other fruits. At the peak of ethylene, the ethylene production rate from the MA+1-MCP treatment was significantly lower than the other two treatment, which further demonstrated the good effect of MA+1-MCP treatment on fig fruit during postharvest storage. 1-MCP can inhibit the synthesis of ethylene, and the gasconditioning treatment can delay the respiration of fruits and reduce the synthesis of free radicals. MDA is the final product of lipid peroxidation, and its content can reflect stress tolerance of plants [37] . In this study, the MA and MA+1-MCP treatments significantly reduced MDA content, suggesting that MA and MA+1-MCP treatments could prevent cell membrane damage. e MDA content of MA+1-MCP-treated fruits was significantly lower than that of the MA group from 10 d of storage, which indicated that MA+1-MCP had a better effect on inhibiting oxidative damage and electrolyte leakage to prolong the storage period of fig. As the storage period prolonged, the fruit senescence increased, and the MDA content of the fruits continued to increase under each treatment. Among them, the initial increase in storage was slow, and the increase in the later period was accelerated. 1-MCP + MA treatment significantly inhibited the increase in fruit MDA content, delayed or reduced cell membrane damage, and delayed fruit senescence. A similar situation was observed in the study of pomegranate by Valdenegro et al. [32] .
During the fruit development, different cultivars develop their own biochemical and nutritional characteristics, ultimately resulting in their unique fruit quality [38] . Particularly, sugar and organic acid metabolic traits are critical for fruit taste, and the fruit development is always accompanied with sugar accumulation and organic acid degradation [39] . e fructose, glucose, sucrose, and malic are reported to be the most important factors affecting fruit taste and quality [40] . With the prolongation of storage time, the content of fructose in fig fruit treated with MA+1-MCP was significantly higher than that in cold stored fruits. e glucose and fructose contents increased before 15 days of storage, which was consistent with the increase in respiratory rate. When the respiration is slowed down, the amount of substrates needed in the Krebs cycle is also reduced, like glucose and fructose. However, the respiration rate of figs treated by MA+1-MCP has been increasing, so the trend in fructose and glucose contents is flat compared with other treatment groups. e sucrose and glucose contents of the fruits treated with MA+1-MCP were significantly higher than that of MA treatment after storage for 30 days. Malic acid content variation in the control and MA+1-MCP-treated fruits was lower than that of MA treatment, and the content of malic acid in the control fruits was higher than that of MA+1-MCP treatment. It is speculated that MA may be detrimental to malic acid transportation and degradation. However, overall, MA+1-MCP treatment has a positive effect on the content of soluble sugar and organic acid in the fruits, indicating that the treatment can not only prolong the shelf life but also improve the quality of the fig fruit. e modified atmosphere treatment can maintain the hard firmness and the sugar and acid contents of fig to a certain extent, reduce the water dispersion loss, ethylene release rate, and respiration rate, but the effect is bad than combined with the 1-MCP treatment, and the numerical fluctuation is large. 1-MCP + MA treatment effectively alleviated the deterioration of fruit quality, MDA content was maintained at a low level, fructose, glucose, sucrose, and malic acid contents remained at a high level, and the storage period was extended to about 30 days. erefore, the combined processing treatment is better than the separate processing treatments, and further commercial applications can be tried.
Conclusions
From the above results, the firmness, color index difference, and weight loss rate of MA+1-MCP-treated fig fruit were better than the other two group treatments. Moreover, MA+1-MCP treatment significantly inhibited the peak of ethylene and the appearance of the respiration peak, indicating that this method can inhibit the respiration and the production of ethylene in fig fruit. During storage, the contents of glucose, fructose, and sucrose in MA+1-MCPtreated fruits were higher than those in the control group. e content of malic acid in fruits treated with MA+1-MCP and MA was lower than that in the control group. In summary, the results showed that MA+1-MCP treatment has a significant effect on prolonging preservation time and improving quality of fig fruit during storage compared with MA treatment, and it will be a good method for preservation of figs in the future.
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